Figs. S1 to S4 number of stator units bound to the motor is governed by the chemical master equation
12 dp(n, t) dt = (n + 1)k−p(n + 1, t) + (N − n + 1)k+p(n − 1, t) − nk−p(n, t) − (N − n)k+p (n, t) [1]
13
Each term in Eq. 1 accounts for a transition that either brings the number of bound units to n or moves it away from n.
14 Probability of gaining a unit is proportional to the number of empty binding sites, therefore the two gain terms contain
15
(N − n + 1) and (N − n) respectively. Similarly, the probability of losing a unit is proportional to the number of bound units,
16
hence the two loss terms contain (n + 1) and n, respectively. To go from the chemical master equation to a kinetics equation
17
for the average number of bound units, multiply both sides by n and sum over all possible values of n, i.e. from 0 to N ,
np(n, t) = n and we can make index substitutions to convert all probability terms to p(n, t). Knowing that p(n) = 0
19
for n < 0 or n > N , we get
since (n + 1)(N − n)p(n, t) = 0 at n = N and n(n − 1)p(n, t) = 0 at n = 0. The different terms can now be combined, to give 
and the time dependent solution is easily found by separation of variables followed integration with appropriate initial condition,
where n 0 is the average number of units at initial time (t = 0). Thus, the time constant τ for the exponential approach to 27 steady state is give by τ =
28
B. Probability of success of stator unit assembly post-contact. As mentioned in the main text, the probability of success ps 29 depends on the contact time tc between a stator unit and a rotor subunit, and the post-contact assembly rate κ. To get ps, we 30 evaluate the probability that a stator unit contacting the rotor at time t = 0 will successfully assemble at any time between 0 31 and tc. The probability that the stator unit will assemble during any small interval of duration ∆t is κ∆t so the probability 32 that it will not assemble during the same interval is 1 − κ∆t. The probability that the stator unit will not have assembled by
Therefore, the probability that the stator unit will have successfully assembled 
with n! denoting factorial of n. Thus, the probability of having n units 42 bound to the motor is 
[5]
47
The average steady state stoichiometry can be found by summing nPn over all possible values of N . This leads to the average 48 steady state occupancy
[6] the constraint on the rate constants k+ and k− at the broadest level,
[7]
55
We tested four different models for the dependence of the rate constant on motor's operational parameters: 
61
Including all data points in the fit results in a poor fit (Fig. S1B) . However, this model does well in fitting the time 62 scales measured from stator dissociation during the electrorotation period (Fig. S1D ) when we excluded from the fit 63 the data points obtained from the kinetics of re-assembly after electrorotation was turned off. This suggests that a 64 torque-dependent off-rate is likely to be a part of the underlying kinetics but misses some key element that is relevant for 65 the re-assembly kinetics. (Fig. S1C ) . We further explored this model by systematically varying χ between 0 and 1, and determining a 71 best-fit on the data with respect to k3 (Fig. S2 ). While this model does result in a non-monotonic τ as a function of Γ,
72
none of the parameter values are able to capture the experimental observations. 4. Speed dependent on-rate: As described in the main text, in this model we assumed that the on-rate decreases with 74 increasing motor speed as k+ = k0(1−e − κ F ) where k0 is the on-rate at stall, κ is a constant proportional to the post-contact 75 assembly rate, and F is the motor speed in Hz. From Eq. 7 of the main text we get k− = k0e pN nm, after which it drops rapidly. The rapid drop is mainly caused by a sharp drop in motor speed above the knee-torque of about 100 pN nm, as shown in yellow.
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